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Background: The Non-Structural (NS1) protein of Influenza A viruses is an extensively studied multifunctional
protein which is commonly considered as key viral component to fight against host immune responses. Even
though there has been a lot of studies on the involvement of NS1 protein in host immune responses there are still
ambiguities regarding its role in apoptosis in infected cells. Interactions of NS1 protein with host factors, role of NS1
protein in regulating cellular responses and apoptosis are quite complicated and further studies are still needed to
understand it completely.
Results: NS1 genes of influenza A/Chicken/India/WBNIV2653/2008 (H5N1) and A/Aquatic bird/India/NIV-17095/2007
(H11N1) were cloned and expressed in human embryonic kidney (293T) cells. Microarray based approach to study
the host cellular responses to NS1 protein of the two influenza A viruses of different pathogenicity showed
significant differences in the host gene expression profile. NS1 protein of H5N1 resulted in suppression of IFN-β
mediated innate immune responses, leading to down-regulation of the components of JAK-STAT pathway like
STAT1 which further suppressed the expression of pro-inflammatory cytokines like CXCL10 and CCL5. The degree of
suppression of host immune genes was found considerable with NS1 protein of H11N1 but was not as prominent
as with H5N1-NS1. TUNEL assay analyses were found to be positive in both the NS1 transfected cells indicating
both H5N1 as well as H11N1 NS1 proteins were able to induce apoptosis in transfected cells.
Conclusions: We propose that NS1 protein of both H5N1 and H11N1 subtypes of influenza viruses are capable of
influencing host immune responses and possess necessary functionality to support apoptosis in host cells. H11N1, a
low pathogenic virus without any proven evidence to infect mammals, contains a highly potential NS1 gene which
might contribute to greater virus virulence in different gene combinations.Introduction
The genome of influenza A viruses consists of eight
segmented single stranded RNA with negative polarity
which are capable of encoding a total of eleven known
proteins [1]. The eighth and the smallest RNA seg-
ment encodes for the nonstructural protein NS1,
which plays a significant role in overcoming host cellu-
lar defense mechanism and establishment of a product-
ive infection [2]. It has been shown by many
investigators that multifunctional NS1 protein is a* Correspondence: aloke8@yahoo.com
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distribution, and reproduction in any mediummajor molecular determinant of virus virulence and
contributes significantly in disease progression by
modulating a number of virus and host-cellular pro-
cesses [2-4]. The most widely studied function of the
NS1 protein is to suppress host type I interferon (IFN-
α/β) response which is one of the first innate immune
response to virus infections. NS1 mediates this effect
by two different mechanisms (i) NS1 directly interacts
with RIG-1(Retinoic acid-inducible gene I) and PKR
(Protein Kinase R) which play critical roles in detecting
ssRNA and dsRNA respectively during Influenza A in-
fection. Also, it inhibits pre-mRNA processing through
interaction with CPSF30 (Cleavage and polyadenylationtral Ltd. This is an Open Access article distributed under the terms of the
/creativecommons.org/licenses/by/2.0), which permits unrestricted use,
, provided the original work is properly cited.
Figure 1 Western blot analysis of NS1 protein expression in
transfected cells. Equal amount of cellular proteins isolated (10 μg)
from transfected and control cell extracts were separated by 12.5%
SDS-polyacrylamide gel electrophoresis. Proteins transferred to
Hybond-C membrane were probed with specific monoclonal
antibodies against Influenza A-NS1. A known Influenza A H1N1 NS1
construct was used as a positive control.
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mRNA and prevents its nuclear export [4-7].
Another important function of NS1 protein is to regu-
late host apoptotic mechanism. Apoptosis was initially
thought to be a host cellular mechanism to restrict virus
replication however, there are evidences now that it can
be triggered by viral factors and can be used by the virus
for its own benefit [8,9]. Both induction as well as sup-
pression of apoptosis has been shown to be associated
with NS1 protein [10-13]. Some studies have shown that
NS1 protein specifically derived from H5 subtypes can
induce apoptosis in human cells [10,14] however con-
trasting to that, other studies have shown suppression of
apoptotic events by NS1 protein specifically derived
from H1 subtypes in mammalian hosts [12,13]. Clearly,
these observations were dependent on virus strain and
cellular host system used for the study. The mode of
NS1 expression in the host cells (i.e. through infection
or transfection) also determined the apoptotic response
[14,15]. Induction of apoptosis by NS1 protein was
shown to be IFN- dependent in some cases through
activation of NF-ĸB or IFN-independent through acti-
vation of caspases by different mechanism [13,14,16].
Inhibition of apoptosis, on the other hand was shown
to happen through the activation of Phosphoinositide
3-kinase (PI3K) signaling pathway [15]. These observa-
tions clearly indicate that the role of Influenza A NS1
protein in host cells is very complex and needs further
studies.
In this report, we compared the ability of NS1 proteins
of two distinctly different subtypes of avian Influenza
viruses (H5N1 and H11N1) to induce host cellular
responses. Influenza A H5N1 belongs to highly patho-
genic avian influenza viruses (HPAI) whereas, H11N1 is
a low pathogenic atypical subtype of influenza viruses
present in birds. In continuation of our earlier study of
H11N1 viruses [17] we analyzed and found a great de-
gree of sequence similarity in NS1 gene of H11N1 and
HPAI- H5N1 influenza viruses. Using microarray based
approach we studied host cellular gene expression re-
sponse to NS1 protein of these two subtypes of influ-
enza A viruses in order to have an insight into the
role played by NS1 protein in modulating host cellular
environment.
Results
In order to understand whether NS1 protein from Influ-
enza A viruses of widely varied pathogenicity have differ-
ent ability to modulate host responses, a comparative
analysis of host gene expression profile was carried out
in transfected cells using microarray experiments.
Expressions of NS1 protein from the control and trans-
fected 293T cells were analyzed by western blotting. A
26 kDa band corresponding to the NS1 protein wasobserved in cells transfected with both H5N1 and
H11N1 NS1 clones (Figure 1).
Introduction of expression vector can induce host gene
expression responses
Interaction of expression vectors with cellular environ-
ment has been reported to result into a complex se-
quence of molecular and cellular responses that trigger
innate and eventually adaptive immune responses
[18,19]. In the present study microarray analysis resulted
in identification of 17 host genes which were differen-
tially expressing in response to transfection with the ex-
pression vector itself (Figure 2). These genes were
mainly involved in stress response, protein complex syn-
thesis and assembly, DNA metabolism and cell cycle.
Genes involved in DNA replication and regulation of cell
cycle like Eukaryotic translation initiation factor 4
gamma (EIF4G1), Ribosomal protein 19, Ribosomal pro-
tein 9, Small nucleolar RNA, Cyclin A2, CDKN1A,
CDK2 and PCNA were found to be down-regulated by
introduction of vector DNA inside the cells. Down-
regulation of apoptotic factors like TNF-receptor was
also observed in response to expression vector
(Table 1A).
Host gene expression responses to influenza A NS1:
Comparison between NS1 protein of highly pathogenic
H5N1 and low pathogenic H11N1 viruses
We examined global cellular gene expression levels in
cells transfected with NS1 gene of two avian influenza
viruses (H5N1 and H11N1) and compared them with
untransfected control cells and the cells transfected with
the vector DNA only. Cells which were transfected
with H5N1-NS1 construct showed significant changes in
expression of 34 genes whereas cells transfected with
H11N1-NS1 construct showed differential expression of
Figure 2 A Venn-diagram representation of the number of host
genes and the major pathways affected by NS1 protein of the
two Influenza A viruses (H5N1 and H11N1) compared to mock.
The number of genes exclusively affected by vector (mock) are
shown in light green (5) were found to be mainly involved in stress
response. Genes exclusively affected by the transfection of NS1
protein are represented in light red (16) for H5N1-NS1 and light blue
(10) for H11N1-NS1; Gene ontology analysis showed that these were
mainly involved in apoptosis, immune response and signal
transduction processes. The differentially expressed genes common
between vector and H11N1-NS1 are shown in dark blue (1) whereas,
genes common between vector and H5N1-NS1 are shown in dark
green (8). Three genes were common in transfections with all the
different plasmid constructs. All analyses are in comparison with
control untransfected cells.
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involved in immune response, regulation of gene expres-
sion, cell cycle, DNA replication and apoptosis. Out of
34 genes, 11 genes were found common with vector
transfection and were mainly ribosomal proteins and cell
cycle components. In spite of comparatively less number
of host genes affected by H11N1-NS1, gene ontology
analysis revealed that these differentially expressed genes
were involved in similar biological pathways as with
H5N1-NS1 transfected cells, indicating a generalized re-
sponse to NS1 protein.
The genes which were exclusively affected by H5N1-
NS1 included genes involved in DNA repair and nu-
cleic acid metabolism like GADD-alpha, MAP2K1,
Topoisomerase II and CDK4 (Table 1B). Up-regulated
genes also included translation factors like eukaryotic
translation initiation factor 2B, subunit 1 alpha and
EIF4G1. However, genes MAPK8 and TNFR4 which
are known to facilitate apoptotic mechanism were
found to be down-regulated. HSP90 which is an anti-
apoptotic gene was found to be down-regulated by
both the NS1 proteins in the transfected cells
(Table 1B and Table 1C). JUN protein, a knowninducer of IFN signaling was down-regulated by NS1
protein of H5N1. Signal transducer and activator of
transcription genes (STAT1, STAT2, STAT3 and
STAT4) were observed to be up-regulated in H11N1-
NS1 transfected cells as well as in case of mock trans-
fected cells. However, these proteins were found to be
down-regulated in H5N1-NS1 transfected cells indict-
ing a greater ability of H5N1-NS1 protein to inhibit
host innate immune response (Table 1B and Table 1C).
IL8 and IL2 were also found to be down-regulated by
H5N1 NS1 but not by H11N1-NS1.
Immune response and apoptosis are the two major
processes which are known to be modulated by influ-
enza virus NS1 protein. Genes spotted on the micro-
array specifically involved in these processes were
analyzed separately for the two NS1 transfection experi-
ments using a different filtering criteria (+/- 1.5 folds
for up/down regulation) (Figures 3 and 4). The overall
expression profile of apoptotic genes in H5N1-NS1
transfected cells and H11N1-NS1 transfected cells was
not different from mock transfected cells. Except for
few genes like HSP90, TNF5 the expression trend was
almost similar between mock and NS1 transfected cells.
However, there was difference in the levels of expres-
sion of different apoptotic genes. For example there was
higher degree of down-regulation of Tumor necrosis
factor genes in NS1 transfected cells compared to mock
cells (Figure 3). On the other hand, immune genes
showed greater suppression in response to H5N1-NS1
transfection as compared to mock or H11N1-NS1
transfected cells. Genes involved in JAK-STAT pathway
like STAT1 and inflammatory cytokines like CXCL10
and CCL5 (RANTES) were down-regulated in 293T
cells transfected with H5N1-NS1 (Figure 4). As com-
pared to H5N1-NS1, the expression profile of immune
genes in H11N1-NS1 transfected cells was almost simi-
lar to mock cells apart from few genes like IL1-alpha
and IL2 (Figure 4).
Assessment of expression of selective host immune genes
in response to NS1 protein by Real-time PCR
Influenza A NS1 protein has been shown to cause im-
mune suppression through IFN-alpha/beta signaling. To
better understand the regulatory role of the NS1 protein,
we used NS1 constructs of H5N1 and H11N1 influenza
viruses and assessed transcriptional profiles of immune
genes specifically involved in interferon mediated im-
mune response in the transfected cells. The transcripts
included were IFN-β, STAT1, CXCL10 and CCL5. We
observed that relative to the H11N1, the H5N1 NS1 pro-
tein was able to suppress the expression of innate im-
mune genes to a greater extend, specifically interferon β
target genes. H5N1-NS1 protein showed a stronger cap-
acity to inhibit the activation of IFN-β production as
Table 1 A list of selected genes affected in the 293T cells
by the transfection of A. expression vector [pcDNA3.0(-)]
B. H5N1-NS1 clone and C. H11N1-NS1 clone
A. Vector
Gene ID Gene Description Fold change




NM_002295 ribosomal protein SA
pseudogene 9
2.6










NM_001237 cyclin A2 -4.6
NM_000389 cyclin-dependent kinase





NM_021138 TNF receptor-associated factor 2 -2.0
B. H5N1-NS1
Gene ID Gene Description Fold change
NM_007294 breast cancer 1, early onset -2.0










protein), beta 1, 88 kDa
-2.0
NM_003505 frizzled homolog 1
(Drosophila)
-2.2
NM_001527 histone deacetylase 2 -2.3
NM_004642 cyclin-dependent kinase 2
associated protein 1
-2.0
NM_004060 cyclin G1 2.0
NM_000075 cyclin-dependent kinase 4 1.5
NM_001067 topoisomerase (DNA) II
alpha 170 kDa
2.2






NM_002467 v-myc myelocytomatosis viral
oncogene homolog (avian)
1.5
NM_001414 eukaryotic translation initiation
factor 2B, subunit 1 alpha, 26 kDa
2.0
Table 1 A list of selected genes affected in the 293T cells
by the transfection of A. expression vector [pcDNA3.0(-)]
B. H5N1-NS1 clone and C. H11N1-NS1 clone (Continued)
NM_004953 eukaryotic translation initiation
factor 4 gamma, 1
2.0
NM_002156 heat shock 90 kDa
protein 1 (chaperonin)
-2.3




NM_002228 jun oncogene -2.1
C. H11N1-NS1
Gene ID Gene Description Fold change
NM_021138 TNF receptor-associated factor 2 -1.5
NM_001904 catenin (cadherin-associated
protein), beta 1, 88 kDa
-1.5
NM_002228 jun oncogene -1.5
NM_002750 mitogen-activated protein kinase 8 -2.0











NM_018955 ubiquitin B 3.2






X15183 heat shock protein
90 kDa alpha
-1.5
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H11N1- NS1 protein was found to be weaker in estab-
lishing an anti-IFN state and a poor suppressor of host
immune genes. The differences in the abilities of the two
NS1 proteins from different avian influenza A viruses to
suppress the Interferon (IFN)-stimulated genes (ISGs)
were clearly reflected by the mRNA expressions of IFN-
β, STAT1 and pro-inflammatory cytokines like CXCL10
and CCL5 as shown by RT-PCR assays (Figure 5). We
also studied expression of selective apoptotic genes like
CASP8, BAK1 and HSP90 in the NS1 transfected cells.
Apart from HSP90 gene none of the other genes showed
significant expression difference compared to mock.
HSP90 gene showed decrease expression in H5N1-NS1
transfected cells compared to control and mock cells as
observed in microarray analysis but the decrease in ex-
pression of HSP90 in H11N1-NS1 transfected cells was
not that significant.
Figure 3 Heat-map showing expression of apoptotic genes in 293 T cells transfected with pcDNA3.0 vector, H5N1-NS1 and H11N1-NS1
plasmid constructs. The expression was compared with control (untransfected) cells. The maps are representative of 3 replicates of microarray
experiment.
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transfected cells
Influenza A NS1 protein has been previously shown to
cause apoptosis in cultured cells. To determine the
apoptotic ability of the NS1 protein of the two avian
influenza viruses we performed TUNEL assay in trans-
fected 293T cells (Figure 6). Both H5N1 and H11N1-
NS1 clones showed clear evidence to induce apoptosis
in transfected 293T cells at 24 h post transfection. How-
ever, there was difference in the number of apoptotic
cells in response to the two NS1 transfection. A com-
paratively higher number of cells were found to undergo
apoptosis in response to H5N1-NS1 (40%) compared to
H11N1-NS1 (20%) clearly indicating its greater apop-
totic abilities (Table 2).
Protein sequences analysis
Alignment of the two NS1 protein sequences showed 12
amino acid variations between H5N1 and H11N1 influenza
viruses. We also observed a 5 amino acid deletion in
H5N1-NS1 sequence (Figure 7A). Three dimensional (3D)structural analysis of the NS1 protein of H5N1 and H11N1
viruses also revealed significant differences in protein fold-
ing as shown in Figure 7B. These differences in NS1 protein
sequence and structure could have implications in the dif-
ferences in host responses observed in our study.
Discussion
Pathogenesis of influenza A viruses is a multigenic trait
which involves the interaction of different viral proteins
in host cells. NS1 protein of influenza A viruses works
as a primary host defending factor by inhibiting IFN in-
duction, which is considered as the most powerful innate
defenses to limit viral replication [1,2,6]. Many reports
are available to demonstrate how NS1 works in host cell
to limit the production of IFN. Present study has clearly
demonstrated that NS1 protein alone can influence the
host innate immune response and is capable of inducing
apoptosis in host cells which is largely dependent on
viral subtypes. The ability of NS1 proteins derived from
influenza viruses of widely diverse pathogenicity to sup-
press host IFN response supports the fundamental
Figure 4 Heat-map showing expression of immune genes in 293T cells transfected with pcDNA3.0 vector, H5N1-NS1 and H11N1-NS1
plasmid constructs. The expression was compared with control (untransfected) cells. The maps are representative of 3 replicates of microarray
experiment.
Figure 5 Real-time PCR analysis of Immune and apoptotic genes in 293T cells. Total RNA isolated from control transfected cells as well as
from cells transfected with pcDNA 3.0 (-) vector, H5N1-NS1 construct and H11N1-NS1 construct were used for real-time PCR analysis. The
expression was analyzed compared to controls (untrasfected cells). Expression of β-Actin gene was used as an internal control. The data is
representative of 3 replicates. Error bars indicate mean+/- standard deviation.
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Figure 6 TUNEL assay analysis of Apoptosis in control and NS1
transfected cells. The cells were analyzed 24 h post transfection
using fluorescently labeled anti-BrdU antibodies. The fluorescence
was detected microscopically. Left panel are cells visualized under
visible light without filter; Right panel are cells visualized under
specific filters for fluorescence detection. The left and the right panel
are the cells under same microscopic field A. Untransfected control
cells B. Cells transfected with pcDNA 3.0 (-) vector C. cells
transfected with pcDNA3-H5N1-NS1 construct D. cells transfected
with pcDNA3-H11N1-NS1 construct.
Table 2 Analysis of percentage of apoptotic cells in
control, mock transfected and NS1 transfected cells as
observed in TUNEL assay experiment
Constructs Percentage (%) of positive cells
per field out of 106 cells





The cells were analyzed 24 h post transfection using fluorescently labeled anti-
BrdU antibodies. The fluorescence was detected microscopically. The
percentage of fluorescent cells is represented as the degree of apoptosis in
transfected cells.
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nate immune responses. We observed differences in the
ability of the NS1 proteins of the two subtypes in sup-
pressing host immune genes. This difference in the abil-
ities of the two NS1 proteins can be explained on the
basis of their protein sequences. Comparison of the NS1
amino acid sequences of the two viruses revealed 92%
homology between them. Although belonging to a low
pathogenic virus, H11N1-NS1 contains ESEV as the fourterminal amino acids which play an important role in
PDZ binding domain. This domain is a well known viru-
lence marker for highly pathogenic avian influenza
viruses [20]. However, differences in certain amino acids
were also observed between the two NS1 sequences
which could explain in part the differences in IFN
mediated host responses. The ability to suppress IFN-β
promoter activation was mapped to the C-terminal ef-
fector domain of NS1 protein while the RNA binding
domain alone was unable to suppress IFN-β promoter
inhibition [2]. A truncation of 5 residues at position 80-
85 has been observed in NS1 protein of H5N1-virus to-
wards the C-terminal region which could have occurred
over time and added to the virulence of H5N1 influenza
A viruses. Apart from this deletion there are 12 amino
acid mismatches between the protein sequences
(Figure 7A). Three dimensional (3D) structure analysis
revealed that this sequence difference in the protein
could actually result in structural differences between
the NS1 proteins of the two influenza viruses and thus
can have different interactions in the host cellular envir-
onment and therefore could result in different host
responses as observed in our study (Figure 7B).
There are earlier reports which suggest that transfec-
tion of vector DNA itself can influence host cellular en-
vironment [18,19]. In our study we observed up
regulation of stress, DNA metabolism, protein complex
synthesis and assembly, and cell cycle modulating genes
in response to vector DNA. However, when a functional
NS1 protein expressed in 293T cells, it exerted different
effects and influenced the cellular defense mechanisms
which includes innate immune response and apoptosis.
In the present study, analysis of microarray data
revealed more number of host genes affected by influ-
enza virus H5N1 NS1 protein as compared to H11N1
NS1. Research over last one decade on high pathogen-
icity and virulence of H5N1 influenza viruses have
revealed many important aspects of the role of different
influenza viral gene and protein including NS1 in viral
pathogenicity. Although the multibasic amino acids
Figure 7 A. Alignment of amino acid residues of NS1 protein of H5N1 and H11N1 influenza A viruses. Red circle indicates the truncation
region of H5N1-NS1 protein sequence; red arrows indicate the positions of amino acid mismatches between the two sequences. B. 3D Models of
NS1 proteins from H5N1 and H11N1 viruses. The differences are highlighted in red arrows.
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hemagglutinin is considered as the principle marker of
virulence, other genes like PB2, NA, M also play im-
portant role in pathogenicity and spread of H5N1 infec-
tion [3]. In this study different NS1 proteins were
expressed independently in 293T cells. NS1 proteins
exerted differential host immune response indicating
importance of the protein sequence in interactions with
cellular host system.
Apart from defending immune response, the NS1 pro-
tein of influenza A viruses was shown to induce apop-
tosis in host cells [10,11,14], while other studies clearly
indicated its role in inhibiting apoptosis [12,13]. It has
been found from different studies that during virus in-
fection (with wild type and/or NS mutated viruses) NS1
protein of influenza virus acts both as pro apoptotic and
anti apoptotic manner depending on the viral subtype
and host [13,14]. NS1 protein of highly pathogenic avian
influenza A virus H5N1 could induce caspase-dependent
apoptosis in human alveolar basal epithelial cells (A549),
supporting its function as a proapoptotic factor duringviral infection [14]. Recently it has been shown that heat
shock protein 90 (HSP90) as a binding partner for the
NS1 protein of both H5N1 and H3N2 strains and sug-
gested that the NS1-HSP90 interaction might competi-
tively promote the association of Apaf-1 with Cyt c and
thus activate the caspase cascade [21]. In our study
microarray analysis showed varied expression of apop-
totic genes in NS1 transfected cells. Expression of TNF-
R, CASP9, BIRC1 and BAK1 genes indicate activation of
apoptotic mechanism in H5N1-NS1 transfected cells but
expression of CASP1, CASP6, TNFRA5, TNFRA6 and
p53 suggests anti-apoptotic role of NS1 protein. We also
found down-regulation HSP90 in both H5N1-NS1 and
H11N1-NS1 transfected cells which could play a role in
inducing apoptosis as suggested by earlier reports. In
order to understand the role of NS1 protein in apoptosis
further, we performed TUNEL assay analysis. The assay
revealed that both the viral derived NS1 proteins can in-
duce apoptosis in the host cells. Since the gene expres-
sion analysis using microarray or real-time PCR could
not give a clear picture of the expression of apoptotic
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apoptotic factors occur more at protein-protein level
than at RNA level. The down-regulation of HSP90 is in
accordance with earlier studies which could explain the
activation of the cell death mechanism in transfected
cells [21].
Conclusion
Global gene analysis by microarray and its correlation
with cellular functions clearly showed higher impact of
NS1 protein of H5N1 origin as compared to H11N1.
The high pathogenicity of H5N1 viruses can even be
explained by the effect of a single protein of H5N1 virus
in regulating cellular factors associated with viral viru-
lence. Although H11N1 is a low pathogenic virus which
has not been studied in detail, it has a potential NS1
gene capable of influencing host cellular environment
even when expressed independently. NS1 of H11N1
might be an important virulence factor in a different
viral genetic background.
Materials and methods
Cell line and viruses
Human embryonic kidney (293T) cells obtained from
National Centre For Cell Science, Pune, India were
grown in modified Eagle’s medium (DMEM; Invitrogen
Life Technologies, Carlsbad, CA,USA) supplemented
with 10% fetal bovine serum (FBS; Invitrogen Life Tech-
nologies),100 units/ml penicillin, 100 μg/ml streptomycin
in tissue culture flasks (Corning, USA) at 37°C in a CO2
incubator. Influenza A/Chicken/India/WBNIV2653/2008
(H5N1) [22] and A/Aquaticbird/India/NIV-17095/2007
(H11N1) [17] viruses were grown and propagated in the
allontoic cavities of 10-day old embryonated chicken
eggs.
Cloning of NS1 genes
Total RNA was isolated from influenza A H5N1 and
H11N1 strains using viral RNA isolation kit (Qiagen,
Germany) following manufacturer’s instructions. The
RNA was reverse transcribed and the NS1 genes were
amplified using subtype specific primers. Amplicons
cloned into pcDNA 3.0(-) expression vector (Invitrogen,
Carlsbad, CA) were screened by sequencing. Competent
E.Coli DH5α cells were transformed with the plasmids.
The plasmids containing NS1 inserts were isolated and
purified using plasmid midi kit (Qiagen, Germany).
Transient transfection and protein expression system
293T cells were transfected with pcDNA 3.0(-) control
vector, pcDNA3.0-H5N1-NS1 and pcDNA3.0-H11N1-
NS1 plasmid constructs using TransIT-LT1 (Mirus
biosciences) transfection reagent according to the man-
ufacturer’s protocol. Briefly, cells were cultured tomonolayer in T-25 tissue culture flasks 24 hours before
transfection. Plasmid DNA (6 μg/flask) and transfection
reagent were mixed in serum-free medium and incu-
bated for 30 minutes at room temperature following
manufacturer’s protocol. Transfection complexes were
then gently added into individual flasks. Cells were ana-
lyzed for gene and protein expression at 24 hours post
transfection. Untransfected cells served as controls and
cells transfected with the expression vector served as
mock controls.Western blot analysis
Total cellular protein from control and transfected cells
was isolated using RIPA lysis buffer [10X-20 mM Tris-
HCl (pH 7.5), 150 mM NaCl, 1 mM EDTA,1 mM
EGTA, 1% NP-40, Protease-Inhibitor cock-tail(Quali-
gens). Equal amount of proteins (10 μg) from cell
extracts were separated by 12.5% SDS-polyacrylamide
gel electrophoresis (12.5% SDS-PAGE) and transferred
to Hybond-C (Amersham Biosciences) membrane with
an electrotransfer apparatus (Cleaver Scientific Ltd) at
10 Volts (100 mA) for 1 h. The membrane was probed
with specific monoclonal antibodies against Influenza A-
NS1 protein (Santa Cruz Biotechnology, Inc. Santa Cruz,
CA). Primary and secondary antibody interaction was
performed in phosphate-buffered saline (pH 7.5). Pro-
teins were visualized using the ECL detection system
(Amersham Biosciences, USA).Microarray analysis
Total RNA was extracted from the control, mock trans-
fected and NS1- transfected cells using Trizol reagent
(Invitrogen Life Technologies, Carlsbad, CA, USA) and
purified by the RNeasy kit (Qiagen, Germany) following
standard methodology as described earlier [23,24]. Amp-
lification of RNA and indirect labeling of Cy-dye was
done by Amino Allyl MessageAmp II aRNA amplifica-
tion kit (Ambion, Austin, TX, USA) using manufac-
turer’s instruction. One microgram of total cellular RNA
from control and transfected cells was used for the
experiments. The RNA was reverse transcribed and
amplified. The purified amino allyl aRNA was labeled
with Cy3 and Cy5 (Amersham Biosciences, USA) for
control and experimental samples respectively. Purified
samples were lyophilized, resuspended in hybridization
buffer (Pronto Universal Hybridization kit, Corning,
USA) and hybridized on the Discover human chip
(Arrayit Corporation, Sunnyvale, CA). Hybridization was
carried out in a Hybstation (Genomic Solutions, Ann
Arbor, MI) and the conditions used were 55°C for 6 h,
50°C for 6 h, and 42°C for 6 h. Scanning was performed
at 5-mm resolutions with the Scan array express
(PerkinElmer, Waltham, MI). Grid alignment was done
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into MS EXCEL.
Data was analyzed using GENOWIZ Microarray and
Pathway analysis tool (Ocimum Biosolutions, Hydera-
bad, India). Data analysis was performed as described
earlier [23]. In order to detect highly expressed genes,
fold change analysis was done. Genes with 2 folds up/
down-regulation were considered as differentially
expressed at a p-value < 0.05, Student’s t-test. Functional
classification of the genes was performed using gene
ontology and pathway analysis. Microarray experiments
were carried out in triplicates. The data is MIAME com-
pliant and the raw data has been deposited in Gene Ex-
pression Omnibus (GEO) database No GSE39155.Quantitative RT-PCR using SYBR green I
The mRNA levels for IFN-β, STAT1, CCL5, CXCL10,
CASP8, BAK1, HSP90 and BCL2 genes in control and
transfected cells were analyzed by real-time RT-PCR.
Total RNA was prepared from the control and trans-
fected cells using RNeasy kit (Qiagen). One hundred
nanograms (100 ng) of total RNA was used for quantita-
tive RT-PCR analysis. Reaction was performed using the
QuantiTect SYBR Green RT-PCR kit (Qiagen, Germany)
according to the manufacturer’s instructions. Reactions
were carried out on an ABI 7300 realtime PCR system
(Applied Biosystems, Foster City, CA, USA) and the
thermal profile used was Stage 1: 50°C for 30 min; Stage
2: 95°C for 15 min; Stage 3: 94°C for 15 sec, 55°C for
30 sec; and 72°C for 30 sec, repeated for 30 cycles. Melt-
ing curve analysis was performed to verify product spe-
cificity. Reactions were performed in triplicates. All
quantitations (threshold cycle [CT] values) were normal-
ized to that of β-Actin to generate ΔCT, and the differ-
ence between the ΔCT value of the sample and that of
the reference was calculated as ΔΔCT. The relative level
of gene expression was expressed as 2-ΔΔCT. Primer
sequences for the genes of interest have been described
earlier [23,24].Terminal deoxynucleotidyl transferase dUTP nick end
labeling (TUNEL Assay)
The assay was carried out using TUNEL assay kit (Invi-
trogen) according to the instructions of the manufac-
turer. Briefly, Equal number of control, NS1-transfected
and mock (vector) transfected cells(2 X 106) were fixed
in 1%(w/v) paraformaldehyde in 1XPBS(Phosphate buffer
saline) for 15 minutes, washed in PBS and resuspended
in 0.5 ml of PBS added with 70% Ethanol. The cells were
kept at -20°C for 1hour. Labeling reactions were per-
formed with BrdUTP using TdT enzyme for 60 min at
37°C in a humidified chamber. The labeled DNA was
detected using Alexa Fluor 488 dye–labeled anti-BrdUantibody. Apoptosis was evaluated microscopically as
flurescent cells per field at high-power magnification.
Sequence analysis of NS1 proteins
H5N1 NS1 and H11N1 NS1 clones were directly used
for cycle sequencing reactions. Sequencing was done on
an automated Applied Biosystems’ 3130 XL system using
cycle sequencing big dye terminator. The sequence of
the NS1 genes cloned for the experiment are available in
NCBI sequence database [Accession No CY055179
(H11N1 NS1) and CY046074 (H5N1 NS1)]. Alignment
of H5N1 and H11N1 NS1 protein sequences was carried
out using ClustalW program. The amino acid sequences
were used to generate protein data bank (.pdb) files
using SWISS-MODEL server (http://swissmodel.expasy.
org/). The protein data bank (.pdb) files were used for
visualization and generation of protein 3D structure
using UCSF Chimera program (http://www.cgl.ucsf.edu/
chimera).
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
AKC and ACM conceived the idea and initiated the project. AKC contributed
to project design and supervised the project. SMU, SMA, AKC, VCV
performed the experiments. AKC, SMU, SMA, VCV performed data analysis
and bioinformatics studies. AKC, SMU and ACM wrote the paper. All authors
read and approved the final manuscript.
Acknowledgments
The authors are grateful to Dr. S.D. Pawar for providing the viral strains used
in this study. We are thankful to Mr. R.N Khaedkar for his help in the
laboratory. The study was supported by the Indian Council of Medical
Research, Government of India.
Received: 17 October 2011 Accepted: 25 July 2012
Published: 6 August 2012
References
1. Palese P, Shaw ML: Orthomyxoviridae: The viruses and their replication. In
Fields Virology. 5th edition. Edited by Knipe DM, Howley PM. Philadelphia:
Lippincott Williams and Wilkins; 2008:1647–1689.
2. Hale BG, Randall RE, Ortı’n J, Jackson D: The multifunctional NS1 protein of
influenza A viruses. J Gen Virol 2008, 89:2359–2376.
3. Fukuyama S, Kawaoka Y: The pathogenesis of influenza virus infections:
the contributions of virus and host factors. Curr Opin Immunol 2011,
23:481–486.
4. Ehrhardt C, Seyer R, Hrincius ER, Eierhoff T, Wolff T, Ludwig S: Interplay
between influenza A virus and the innate immune signaling. Microbes
Infect 2010, 12:81–87.
5. Gack MU, Albrecht RA, Urano T, Inn KS, Huang IC, Carnero E, Farzan M,
Inoue S, Jung JU, Garcia-Sastre A: Influenza A virus NS1 targets the
ubiquitin ligase TRIM25 to evade recognition by the host viral RNA
sensor RIG-1. Cell Host Microbe 2009, 5:439–449.
6. Jia D, Rahbar R, Chan RWK, Lee SMY, Chan MCW, Wang BX, Baker DP, Sun B,
Malik Peiris JS, Nicholls JM, Fis EN: Influenza Virus Non-Structural Protein 1
(NS1) Disrupts Interferon Signaling. PLoS One 2010, 5(11):e13927.
7. Nemeroff ME, Barabino SM, Li Y, Keller W, Krug RM: Influenza virus NS1
protein interacts with the cellular 30kDa subunit of CPSF and inhibits 3’
end formation of cellular pre-mRNAs. Mol Cell 1998, 1:991–1000.
8. Lowy RJ: Influenza virus induction of apoptosis by intrinsic and extrinsic
mechanisms. Int Rev Immunol 2003, 22:425–449.
9. Kurokawa M, Koyama AH, Yasuoka S, Adachi A: Influenza virus overcomes
apoptosis by rapid multiplication. Int J Mol Med 1999, 3:527–530.
Mukherjee et al. Virology Journal 2012, 9:149 Page 11 of 11
http://www.virologyj.com/content/9/1/14910. Lam WY, Tang JW, Yeung AM, Chiu LM, Sung JY, Chan PS: Avian Influenza
Virus A/HK/483/97(H5N1) NS1 Protein Induces Apoptosis in Human
Airway Epithelial Cells. J Virol 2008, 82(6):2741–2751.
11. Cherry S, Sissoko N, Neumann G, Kawaoka Y, Hinshaw VS: Influenza Virus
NS1 Protein Induces Apoptosis in Cultured Cells. J Virol 2001,
75(17):7875–7881.
12. Ehrhardt C, Wolff T, Pleschka S, Planz O, Beermann W, Bode JG, Schmolke M,
Ludwig S: Influenza A Virus NS1 Protein Activates the PI3K/Akt Pathway
to mediate Antiapoptotic Signaling Responses. J Virol 2007,
81(7):3058–3067.
13. Zhirnov OP, Konakova TE, Wolff T, Klenk HD: NS1 protein of Influenza A
virus down-regulates Apoptosis. J Virol 2002, 76(4):1617–1625.
14. Zhang C, Yang Y, Zhou X, Liu X, Song H, He Y, Huang P: Highly pathogenic
avian influenza A virus H5N1 NS1 protein induces caspase-dependent
apoptosis in human alveolar basal epithelial cells. Virol J 2010, 7:51.
15. Jackson D, Killip MJ, Galloway CD, Russell RJ, Randall RE: Loss of function of
the influenza A virus NS1 protein promotes apoptosis but this is not due
to a failure to activate phosphotidylinositiol 3-kinase (PI-3K). Virology
2010, 396:94–105.
16. Pauli E-K, Schmolke M, Wolff T, Viemann D, Roth J, et al: Influenza A Virus
Inhibits Type I IFN Signaling via NF-kB-Dependent Induction of SOCS-3
Expression. PLoS Pathog 2008, 4(11):e1000196.
17. Pawar S, Chakrabarti A, Cherian S, Pande S, Nanaware M, Raut S, Pal B,
Jadhav S, Kode S, Koratkar S, Thite V, Mishra AC: An avian influenza A
(H11N1) virus from a wild aquatic bird revealing a unique Eurasian-
American genetic reassortment. Virus Genes 2010, 41(1):14–22.
18. Lowenstein PR, Castro MG: Inflammation and adaptive immune responses
to adenoviral vectors injected into the brain: peculiarities, mechanisms,
and consequences. Gene Therapy 2003, 10:946–954.
19. Markusic DM, de Waart DR, Seppen J: Separating Lentiviral Vector
Injection and Induction of Gene Expression in Time, Does Not Prevent
an Immune Response to rtTA in Rats. PLoS One 2010, 5(4):e9974.
20. Thomas M, Kranjec C, Nagasaka K, Matlashewski G, Banks L: Analysis of the
PDZ binding specificities of Influenza A virus NS1 proteins. Virol J 2011,
8:25.
21. Zhang C, Yang Y, Zhou X, Yang Z, Cao Z, Song H, He Y, Huang P: The NS1
protein of influenza a virus interacts with heat shock protein HSP90 in
human alveolar basal epithelial cells: Implication for virus-induced
apoptosis. Virol J 2011, 8:181.
22. Chakrabarti AK, Pawar SD, Cherian SS, Koratkar SS, Jadhav SM, Pal B, Raut S,
Thite V, Kode SS, Keng SS, Payyapilly BJ, Mullick J, Mishra AC:
Characterization of the influenza A H5N1 viruses of the 2008-09
outbreaks in India reveals a third introduction and possible endemicity.
PLoS One 2009, 4(11):e7846.
23. Chakrabarti AK, Vipat VC, Mukherjee S, Singh R, Pawar SD, Mishra AC: Host
gene expression profiling in influenza A virus-infected lung epithelial
(A549) cells: A comparative analysis between highly pathogenic and
modified H5N1 viruses. Virol J 2010, 7:219.
24. Mukherjee S, Vipat VC, Mishra AC, Pawar SD, Chakrabarti AK: Pandemic
(H1N1) 2009 influenza virus induces weaker host immune responses
in vitro: a possible mechanism of high transmissibility. Virol J 2011, 8:140.
doi:10.1186/1743-422X-9-149
Cite this article as: Mukherjee et al.: Non structural protein of avian
influenza A (H11N1) virus is a weaker suppressor of immune responses
but capable of inducing apoptosis in host cells. Virology Journal 2012
9:149.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
